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Abstract 

The spermatogenesis of the New Zealand orthopteran (Hemideina thoracica) is 
described from chrome-osmium and haematoxylin preparations studied by light 
microscopy. As in Pachyrhamma fascifer there are two acrosomes, one early at 
the anterior pole, one later at 30° from the posterior pole. It migrates upwards 
at a later stage and is the definitive acrosome. 

Introduction 

Recently the spermiogenesis of a New Zealand cave weta Pachyrhamma fascifer 
has been described by Gatenby and Bertaud (1960). These authors used both 
electron and light microscopy; and described what is a remarkable variation in 
acrosome formation among Hexapoda. During several months spent at the 
Zoology Department of Victoria University, by permission of Professor Richardson, 
some preparations were made of the sperm cells of the large New Zealand bush 
weta. These were studied cursorily, but the material was abandoned at the time 
in favour of Pachyrhamma fascifer, because the unusual smallness of the Hemideina 
cells made interpretation of the stages quite difficult. After the author’s return 
to Dublin, the study of the Hemideina material was resumed, and since this large 
weta is of interest to New Zealand students of zoology, it was thought useful to 
publish a light microscopical account of the spermiogenesis. 

Hemideina thoracica is called Deinacrida megacephala in G. V. Hudson’s 
“Elementary Manual of New Zealand Entomology” (1892). Dr David R. Ragge, 
of the British Museum (Natural History) kindly informed the writer that this 
weta was placed in the genus Hemideina in 1897, and the name megacephala was 
rejected as a synonym of thoracica in 1927. The writer thanks Dr Graeme Ramsay 
for making some smears of Pachyrhamma testis for study of the centrioles. 


* Editor’s Note: Professor Gatenby died suddenly in Ireland on July 20, 1960, shortly after 
his manuscript was received for publication. 


Published by the Royal Society of New Zealand, c/o Victoria University of 
Wellington, P.O. Box 196, Wellington. 
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Previous Work 

There are now some papers by T. N. Tahmisian’s group on the electron 
microscopy of the gryllid Nemobius sp. and the locustid Melanoplus diffeventialis. 
Pachyrhamma fascifer spermiogenesis has been fairly well covered by Bertaud & 
Gatenby (1960). De Robertis and Raffo (1957) have given a good account of 
nebenkem formation in Laplatacris. 

In Text-figs. 1-12, is an outline, somewhat diagrammatic, of the recent find¬ 
ings in Pachyrhamma fascifer. The spermatid contains mitochondria (M), Golgi 
bodies (G) and a centriole (C). One of the Golgi bodies (GA 1 ) moves up to 
the anterior pole of the nucleus as in Fig. 2 (GA 1 ) and deposits the first acrosome 
(A 1 in Fig. 3). The Golgi body (G 1 ) then drifts away. The majority of Golgi 
bodies, free in Fig. 1 (G), become attached to the posterior pole of the nucleus, 
as in Fig. 2 (G), and nearby at (A2), a second acrosome begins to grow. Finally 
it becomes a large chromophile body as in Fig. 3 (A2) which moves up and be¬ 
comes stuck on the site of the first acrosome, as in Figs. 4 and 5. This double 
acrosome formation is at present unknown in other insect spermiogenesis, the 
origin of the acrosome as in Figs. 1-3, being the usual method. The fate of 
acrosome 1 is unknown in Pachyrhamma , the bulk of the definitive acrosome 
certainly being the second formed as in Figs. 2-5. 

The formation of the mitochondrial nebenkern begins with the congregation 
(Fig. 1, M) followed by the agglutination (Figs. 2 and 3) of the mitochondria 
to form an arrangement which is roughly shown in Fig. 3, and which was previ¬ 
ously described at various stages of its development by light microscopists as a 
spireme, a lamellated body, the onion stage, etc. It is now known in Orthoptera 
studied by electron microscopy, to consist in section in the early stages of a “ jig¬ 
saw puzzle ” formation. There are mitochondrial cords produced by end to end 
fusion, but these cords connect to neighbouring runs by cross cords (see discus- 
Ysion). All these cords are covered—that is, separated by an electron translucent 
substance of a definite thickness which is the agglutinating material. Later this 
cement becomes resolved into vacuoles (Fig. 4) and is discharged from the neben¬ 
kem. The latter then consists of the matrix or central material of the original 
mitochondria plus the inner cortical folds (cristae of Palade). By the stage in 
Fig. 4, the original nebenkem had become divided into two hemispheres, and 
the mitochondrial wrapping of the tail is eventually formed of two parts (M) 
surrounding the flagellum, Fig. 6. All this seems deceptively straightforward, 
but a more detailed description has been given by Bertaud and Gatenby (1960) 
from the former’s electron micrographs. 

Turning now to the centriole, we find in early spermatids at or before the 
time of congregation of mitochondria, a triple body shown in Fig. 7 from electron 
microscopy. The part (S) grows out into the first flagellum as in Figs. 8 and 9 
(FI). It is a tubular structure, and down it grows the true internal flagellum 
with its 9 + 1 fibrils as in Fig. 9, right, (F2). The second part of the centriole 
complex (PC) becomes stuck on the nuclear membrane, thus establishing the 
polarity of the spermatid. The fate of the other part in Fig. 7 (G) is not known 
for certain, but it either drifts down to become fixed just below the nebenkem, 
or remains adrift in the lengthening cytoplasm. It cannot be seen properly in 
smears, as it can too easily be confused with chromatoid bodies. 

The part (S) in Fig. 7 is to be regarded possibly as the precocious outgrowth 
of the flagellum and probably exists during or at the end of the second matura¬ 
tion division. The downgrowth from the fixed centriole (PC) in Fig. 9 enters 
or forms simultaneously with the outgrowth of the flagellum tube from the cell, 
and as this takes place, the flagellum is then in two parts (FI) and (F2). The 
centriole in cross section is a hollow, short tube (PC in Fig. 12) with 9 fibrils 
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arranged in a circle, whereas the flagellum is similar with an extra central fibril 
(F2) in Fig. 9, and a somewhat electron opaque central mass of filling material. 
Further down, the flagellum has the sheath (S) shown in Fig. 9, lower. The 
nebenkem moves into the position in Fig. 9, between (CA) and (S, upper). 

In Fig. 5, .the body (CA) was previously believed to be the expanded cushion- 
like centriole, but we now know that it is a compound body formed as in Figs. 8 
and 9, by a covering originating from certain granules (CA) nearby, which form 
the surround as in Fig. 12. The union between nucleus and tail in sperms of 
insects and probably in many phyla, is thus not dependent on the centriole, but 
on this centriole adjunct, which becomes very large in holometabolous insects. 
The centriole problem is not by any means solved in all animals, because this 
body is so small, but the scheme in Figs. 10 and 11 probably applies to the 
majority. The original spermatid (or in some cases 2nd spermatocyte) centriole 
divides into two as in Fig. 10, the flagellum growing out of the moiety (DC), 
which leaves the space (PC)—(DC) in Fig. 11, in which the mitochondria 
crowd, and become modified to form the tail wrapping. 

At (Y), in Figs. 1—5, are Neutral Red staining granules which may be the 
so-called Y-granules of older workers. They have not been studied properly in 
raphidophorids. 

Some account of Acheta (Gryllus) spermiogenesis has been given by Clayton, 
DeutscL and Jordon-Lake (1958), but their electron micrographs are scanty and 
below standard, and they have not fully acquainted themselves with the relevant 
literature. Papers on orthopteran spermiogenesis studied at the Argonne National 
Laboratory, Lem on t, Ill., U.S.A. and based on electron microscopy carried out 
by T. N. Tahmisian et al. are extensive. These studies are published in “ La 
Cellule ”, and the relevant papers are obtainable from the Argonne Laboratory 
on request. 

The most authoritative light microscopical study on orthopteran spermio¬ 
genesis is by H. Herbert Johnson (1931). In the Gryllidae treated by him there 
is one acrosome. This work has been largely superseded by the investigations 
of Tahmisian’s group using electron microscopy. 

A microchemical study of insect spermiogenesis has been made by Moriber 
(1956) using light microscopy, and some additional facts have been recorded 
by Clayton et al. (1958). 

The most recent work in this field, in which electron microscopy was used, 
is that of Jean Andre (1959) on the male germ cells of Pieris brassicae , the 
cabbage white butterfly. It will be mentioned in the discussion. 

Technique 

The testis was placed in chrome-osmium fixative (F.W.A. or Champy) and 
small pieces (1 mm) were separated so that quick penetration was ensured. The 
material was left until next day, and washed overnight under a tap (the mouth 
of the bottle covered with butter muslin). Next day it was put in 50% ethanol 
for 30 minutes, 70% until evening, and left overnight in 90%. Next day it was 
left in two changes of good absolute alcohol and embedded in the afternoon. In 
some cases, it was better to leave it in absolute alcohol overnight. Subsequently 
most of the absolute alcohol was then poured off and some xylol added. After 
an hour this mixture was poured off and pure xylol added. Embedding was done 
by adding chips of hard wax to the xylol, and after this had melted in the oven 
in about one hour, pure melted wax was substituted for two hours. Sections were 
cut 5ju.. The staining was by Heidenhain’s iron alum haemotoxylin as follows: 
all day in iron alum, a slight wash in distilled water, then overnight in the haema- 
toxylin. Next morning the sections which were then quite black, were 
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differentiated in iron alum. Afterwards they were washed for 30 minutes in run¬ 
ning water. Counter-staining is unnecessary, but some workers may prefer 
Orange G in absolute alcohol, or erythrosin. These counter stains do not really 
help. These times work well for cover-slip smears, but the latter if very liquid 
should be fixed in osmic vapour before being placed in the liquid fixative. Gentian 
violet stains such material well. 



Text-figs. 1-12.—For description see text. 


Lettering. Al, first acrosome. A2, second acrosome. C, centriole. CA, centriole 
adjunct. DC, distal centriole. FI, first flagellum. F2, second flagellum. G, Golgi bodies 
or dictyosomes. Gl, first acroblast (dictyosome). GA a , first acroblast and first acrosome. 
GR, rejected Golgi bodies. M, mitochondria. N, nucleus. PC, proximal centriole. 
S, anlage of first flagellum. Y, possible Y-granules. 

If osmium tetroxide is not available, Zenker-formol could be tried, but for in¬ 
vertebrate cells, no fixative is as good as chrome-osmium. Preliminary trials for 
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suitability of material can best be made with cover-slip smears, thus obviating 
section cutting. 

Results 

The testis consists of a mass of blunt tubules resembling a bunch of bananas. 
In these New Zealand wetas the tubules do not appear to be so long as they are 
in such forms as Acheta and Stenobothrus from the Old World. It has been con¬ 
cluded that there are no resting stage secondary spermatocytes. Subject to the 
question of the effect of lag in old insects, there is no doubt that single cysts in 
this Hemideina testis have not only primary spermatocyte nuclei, but also 1st and 
2nd maturation divisions and spermatids, but no identifiable 2nd spermatocyte 
resting nuclei. This is to say that the two divisions seem to take place one after 
the other directly without rest. 

It has been mentioned that the cells in Hemideina are small in comparison 
with such forms as the North American Romalea microptera, which has long 
been used for making chromosome smears for genetics students. A comparison 
of the sizes of various orthopteran spermatids is given in Text-figs. 13-16. It will 
be noted that Pachyrhamma fascifer in Fig. 13 has very large cells, those of 
Hemideina in Fig. 15 being about half their size. Pachyrhamma therefore is very 
suitable for demonstrating to students. 

In Plate 1, fig. 1, the early spermatocyte contains few mitochondria (M) and 
rarely more than one cushion shaped body (G) which is the Golgi body, but by 
older cytologists might have been described as the “ sphere ”. At (X) in many 
cells, another deeply chromophile irregular body may be found. Its nature is not 
understood. During growth stage, the mitochondria increase rapidly as in Plate 
1, fig. 2, and the original Golgi body divides to form a number of separate bodies 
(G) which become scattered around the nucleus. 

Maturation Divisions 

As has been mentioned, it is believed that these two divisions take place one 
after the other without the appearance of a resting secondary spermatocyte. There 
are at least ten pairs of homologous chromosomes, one of the pairs being char¬ 
acteristically large and U-shaped. The present material was not extensive enough 
to make accurate chromosome counts, but in well made smears, easy counts should 
be possible: the chromosomes are nicely polymorphic and sufficiently low in 
number for easy study. The mitochondria become disposed on the spindle be¬ 
tween the separating chromosomes in anaphase and telophase, and tend to lie in 
a group in the early spermatid. During the maturation divisions, the Golgi bodies 
lie near the spindle, though not actually attached to the astral fibres (tubes), and 
become sorted out between the daughter cells. This process, called dictyokinesis, 
ensures that each of the four daughter spermatids gets a share of the Golgi bodies 
or dictyosomes. 

Spermiogenesis 

In Plate 1, fig. 3, is an early spermatid not long after the end of telophase. 
There are scattered Golgi bodies (G) and a group of congregated mitochondria 
(M). This spermatid is already polarized, the anterior end being on the right, 
the posterior pole on the left, its centre marked by the centriole and its adjunct 
(CA). Diametrically opposite on the anterior pole at (A), a small portion of the 
Golgi bodies has begun to secrete or deposit on the nuclear membrane a small 
chromophile bead—the first acrosome. This acroblast (Golgi body or dictyosome) 
persists in this position for a considerable time, as in Plate 1, figs. 4 and 5, but 
later leaves its position and drifts away, the acrosome (A) being left in situ as 
in PI. 1, fig. 6. 
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This process is undoubtedly the conventional acrosome formation seen in other 
hexapods, and probably in all other animals possessing a flagellate spermatozoon. 
There is considerable variation in the amount of Golgi material taking direct 
part in this initial acrosome formation, but less variation occurs in the time of 
deposition. Such cells as in PI. 2, fig. 8, where the acroblast (A) holds its bead, 
but does not appear to have got it into proper position, and in Fig. 10, where the 
acroblast is in position but the bead does not appear to have been deposited, are 
common. It can be said, however, that an acrosome at the anterior pole, and a 
centriole flagellum complex in the axis at the posterior pole is almost always to 
be found. 

About this period the assembled mitochondria begin to form two ovoid bodies 
which are the nebenkern (M), Pis. 1 and 2, figs. 4, 5, 6 and 8. The peculiarity of 
this nebenkern at later stages is the large amount of chromophobe substance and 
the paucity of chromophile “ cords ”—i.e., mitochondrial membranes. It is not pro¬ 
posed here to attempt to compare these images seen by light microscopy, with 
the electron micrographs of Pachyrhamma. Soon after the stage depicted in 
PL 1, figs. 5 and 6, some of the mitochondrial material becomes wrapped around 
the tail as at (M) in PI. 2, fig. 9. This seems to take place largely at the expense 
of the original two halves of the nebenkern, for these certainly shrink, eventually 
lose their position, and float down the lengthening tail as in PI. 2, fig. 9 (NU) 
gradually becoming smaller and more chromophile as in PI. 2, figs. 12 and 13 
(NU). 

But if the cells in PI. 1, fig. 6, PL 2, figs. 7, 8 and 10, be examined, it will be 
seen that the nucleus and acrosomes appear about .the same stage, but the tails 
vary in development. The true sequence of stages given in the drawings is PI. 1, 
fig. 3, fig. 4, figs. 5 and 6, then PI. 2, fig. 10, and figs. 7, 13, 12 and 11. Fig. 9 
constantly occurs and must come in after Fig. 10, which continues on to Figs. 13, 
12 and 11. How far these alterations in relative timing of nucleus and tail de¬ 
velopment is due to lag is not known. The specimens killed for this work were 
full grown, and it is always better to use such insects just after the onset of 
spermiogenesis, which usually means while they are little more than half-grown. 
The refractive cores (NU) in PL 2, figs. 12 and 13, are familiar to spermat- 
ologists of holometabolous insects and are normal. For its further elucidation, 
nebenkern formation in Hemideina thoracica will need electron microscopy. 
Usually in a stage such as that in PL 2, fig. 10, there are two cores—i.e., darker 
chromophile centres in the middle of the nebenkern, but these were not seen in 
the present material. 

It will be noted that between the stages depicted in PL 1, figs. 3 and 4-6, up 
to stage Fig. 13, the nuclear axis becomes tilted so that the centriole-flagellar 
complex no longer emerges in the main long axis of the cell. This position appears 
to be caused by the partial revolution of the nucleus itself, and not by movement 
of the centriole complex. This has been concluded because we know that the 
centriole has fixed itself just at or before the stage in PL 1, fig. 3. In doing so, 
it causes a modification of the nuclear membrane at this locus, to form the centriole 
seat, and appears to be firmly fixed, as was concluded by Johnson (1931). Now 
another acrosome makes its appearance in the position shown in PL 1, fig. 6 
(A 2 ), that is at about 8 o’clock, or viewed from the other side at about 4 o’clock. 
This position is constant. It is on a circle of latitude at about 30° from the 
posterior end of the long axis of the nucleus. What appears to take place is that 
most of the free dictyosomes as in PL 1, fig. 5 (G), float down and come to occupy 
a position between and to one side of the space where the nebenkern and nucleus 
meet as at (G) in PL 2, fig. 8. This is less well shown in PL 1, figs. 4-6. In any 
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Text-figs. 13-16.—The spermatids, drawn to scale, of Fig. 13, Pachyrhamma fascifer. 
Fig. 14, the North American Romalea microptera , Fig. 15, Hemideina thoracica , and 
Fig. 16, the migratory locust Locusta migratoria of the Old World. In the Rhaphido- 
phoridae in Figs. 13 and 15, there are two acrosomes, one of which (A 2 ) has to migrate 
forwards to the anterior pole: it is not accompanied by dictyosomes (acroblast). In most 
animals, as in Fig. 14, the acroblast carries the acrosome bead forwards to the anterior pole 
and then itself passes back as the Golgi reject. 

Letters . A 1 , A 2 , acrosomes. G, Golgi body (dictyosome or acroblast). GA, acroblast 
holding acrosome. M, mitochondrial nebenkern (future tail sheath). X, site of deposition 
of acrosome. 


case the second acrosome appears in this region and becomes stuck on the nucleus 
at this degree of latitude above mentioned, with reference to the long axis of the 
nucleus and cell. This position is shown in PI. 1, fig. 6, and in PI. 2, figs. 7, 8, 
10 and 13. The acroblast (or Golgi bodies) presumably engaged in acrosome 
formation in this region, does not appear to be closely stuck to the posterior pole 
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of the nucleus, as has been shown to be the case in Pachyrhamma , but to decide 
this point, electron microscopy will be needed. It is true to say, however, that the 
majority of dictyosomes appear loose as on PI. 2, fig. 8. 

In the end we find the acrosome at its definitive position as in PI. 2, fig. 11 
(A). What seems to happen is that the second acrosome such as in PI. 2, fig. 7, 
migrates by itself over the nuclear membrane and arrives at its correct position 
on the site where the first acrosome was formed. As this takes place, the slight 
flexure of the nucleus seen in PI. 2, fig. 7, etc., becomes corrected, and .the acro¬ 
some and centriole complex come to lie exactly in the long axis of the cell, as 
in PI. 2, fig. 12. The subsequent stages produce the nearly ripe sperm seen in 
PI. 2, fig. 11, but the fate of the first acrosome is not known for certain, either 
in Pachyrhamma or Hemideina. It can be found quite late, as in PI. 2, fig. 13 (A). 
It is not known whether it forms part of the definitive acrosome of the spermato¬ 
zoon. The second acrosome in Hemideina is not as large as that in Pachyrhamma , 
where it is relatively enormous and pushes out the cell membrane on its journey 
upwards to its proper locus on the anterior pole of the nucleus, as in Text-fig. 
4 (A 2 ). 


The Centriole Complex (CA in PL 1, fig. 3) 

In PI. 1, fig. 3, the centriole has fixed to the nucleus, the flagellum (F) has 
grown out of the cell, and terminates in an end knob. Later, as in PI. 1, figs. 
4-6, etc., the region (CA) has grown considerably and forms a pyramidal or bun¬ 
shaped extremely chromophile mass. In the past this has been called the centriole, 
and where it becomes very large, it has also been know r n as the middlepiece. From 
recent work (Gatenby and Tahmisian (1958, and Gatenby and Bertaud 1960), we 
are aware that there are three separate parts in this region, centriole seat, centriole 
adjunct, and centriole. The flagellum (F) originates from the centriole. The 
latter divides, and one of the parts slips down and can be found at (C) in PI. 1, 
figs. 4-6, and PI. 2, figs. 8-10. At present it is not possible to decide definitely 
whether this granule may really be a chromatoid body. The mitochondrial 
nebenkem forms between the two centrioles. In a previous paper (Bertaud and 
Gatenby, 1960) the matter has been discussed, but it is not simple in some cases. 
The various parts of the centriole in insects cannot be resolved clearly by the light 
microscope, and the drawing in PI. 1, fig. 3 shows all that can be seen without 
electron microscopy. 


Y— Granules (Text-fig. 4 Y) 

These were described as far back as 1922 by Gatenby, in Saccocirrus , from 
chrome-osmium material. They consist of a close group of fine granules, avidly 
stainable supra-vitally in Neutral Red. They appear to be present in Pachy¬ 
rhamma, but have not been studied carefully in this insect. It is not known whether 
they are present in Hemideina. 

The technique for their study is fairly easy. Small pieces of living testis cells 
are slightly crushed in a drop of pink Neutral Red in salt solution. After thirty 
minutes the Y-granules, and sometimes the pro-acrosome material will stain 
cherry red. It is best to use daylight for these microscopical observations. The 
coverslip should be carefully ringed with just melted vaseline to make a seal to 
prevent evaporation. The use of a compressarium which can be screwed down 
so as to flatten the cells sometimes helps. 
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Differences in Size of Spermatids of Various Orthoptera 

In Text-figs. 13-14, somewhat diagrammatically are four spermatids—Fig. 13 
(Pachyrhamma) , Fig. 14 (Romalea) , Fig. 15 ( Hemideina ) and Fig. 16 ( Locusta 
migratoria). In both Romalea and Locusta , as indeed in all other insects known 
to the writer, there is one or more acroblasts (dictyosomes destined to form the 
acrosome) which usually occupy the position (GA) in Figs. 14 and 16, and move 
up later, both parts together, and deposit the acrosome bead in the correct or 
nearly correct position at X in Fig. 14. This is to say that the production and 
deposition of the acrosome is one operation, and the acrosome goes up accom¬ 
panied by the dictyosome, which later drifts down as the rejected acroblast or 
Golgi remnant. 

Turning to the two raphidophorids in Figs. 13 and 15, we find an early acro¬ 
some secretion at the correct position at (Al), but this is followed by the produc¬ 
tion at (A2) of a much larger second acrosome which passes up by itself to the 
position of (Al), leaving its parent dictyosomes behind at A2. These later slough 
off the ripe spermatozoon. 


Discussion 

In the locustid Melanoplus (R. Devine, communicated) it has been shown 
that the acrosome becomes fixed to cell membrane away from its proper locus, 
and the nucleus revolves a certain distance to make engagement at the correct 
position possible. But in the majority of insects and other animals studied, the 
acroblast (plus acrosome) floats up to very nearly its correct position. Of course 
the writer does not believe that the acroblast is a natant organ. As with the free 
isolated acrosome of Pachyrhamma , the dictyosomes acting as the acroblast must 
be transported within the cell by some form of orderly and purposeful proto¬ 
plasmic streaming. In the same way the congregation of the mitochondria into 
their correct place from the furthermost parts of the cytoplasm must be carried 
out by similar protoplasmic currents. But how the latter shepherd mitochondria 
from all directions towards their proper position on the flagellum is not under¬ 
stood. The same applies to the centriole, which is the smallest of the cell in¬ 
clusions which can ordinarily be resolved by the light microscope. In the end 
the centriole must be regarded as the prime mover and perhaps controller of the 
complicated movements which bring about the formation of the spermatozoon. 
That such a small hollow tube is so powerful in these processes is astonishing. 

The significance of the formation of two acrosomes in the two raphidophorids 
examined cannot at present be explained. The first acrosome is deposited earlier 
than in any other orthoptera known to the writer. The second acrosome appears 
at much the same period of spermatid development as in other orthopterans, 
but it does not arise quite so close to the lamellated Golgi bodies as in all other 
known Orthoptera. In such forms as the cricket Nemobius, and in Orthoptera and 
Hemiptera in general, the acroblast floats in the cytoplasm embracing the formed 
acrosome, first at the posterior pole of the nucleus; then later the combined acro¬ 
some and acroblast pass towards the anterior pole, and the former is deposited 
nearly but not always in its proper site on the anterior pole in the long axis of 
the cell. But in the case of Hemideina , the acrosome is always deposited to one 
side of the central longitudinal axis of the cell and nucleus—that is to say, at 30° 
from the posterior pole. Since the acrosome is out of its proper place in this 
position, it has to migrate up to its correct locus. In Pachyrhamma this migration 
appears to take place without special contact with the nuclear membrane, but 
in Hemideina the acrosome remains on the nuclear membrane, presumably sliding 
over it, on its way upwards to the anterior pole. 



Text-figs. 17-21.—For description, see text. 
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The peculiar mitochondrial nebenkern, seen in PL 1, figs. 4-6 (m), has long 
been known to cytologists and its manner of formation was not understood until 
the advent of electron microscopy. In the case of Hemideina the sparsity of 
chromophile cords—i.e., mitochondrial membranes, in the body of the nebenkern 
is unusual, as well as the manner in which the chromophile cords are fed down 
along the lengthening sperm tail. In Text-figs. 17-21, mainly based on Andre’s 
work on lepidopterous spermatids, the mitochondria have two layers (o, i), the 
inner giving rise to folds (CR in Fig. 21), called cristae. After the formation of 
the spermatid, the mitochondria begin to unite into long figures as in Text-fig. 18. 
The unions may produce Y forms as on the right of Fig. 18, but in no case do 
these united figures bulge, so that the bore or extent of the cross section of the 
mitochondria becomes larger. After these long figures have become formed the 
various elements approach and agglutinate as in Fig. 19, a part only of the whole 
spherical nebenkern being shown. It has been concluded that the various runs 
of mitochondria all interconnect so that the nebenkern is a relatively huge mito¬ 
chondrion, and in section, a “ jig-saw puzzle ” figure. The agglutination is shown 
in Fig. 21, each mitochondrial run being separated from its neighbour by an 
even distance, formed of a substance (A) which may be ground cytoplasm, or 
some new material. As the spermatid ripens, the matrix on the outside of the 
nebenkern (Fig. 20) enlarges at the expense cf the inner regions, the so-called 
chromophile and chromophobe regions of light microscopists being brought about. 

Summary 

(1) The male germ-cells of Hemideina thoracica are about half the size of those 
of Pachyrhamma fascifer. There are two acrosomes, the first being produced soon 
after completion of the 2nd maturation division, the second, later after congrega¬ 
tion of the mitochondria. The second acrosome appears at the nuclear membrane 
at about 30° from the posterior pole of the nucleus, and must thereafter migrate 
over the nuclear membrane to its definitive position on the anterior pole. The 
acroblasts forming the second acrosome do not appear to adhere closely to the 
nuclear membrane as in Pachyrhamma. 

No resting secondary spermatocytes have been found. 

There are about ten pairs of polymorphic chromosomes, one of which is a large 
U-shaped body. 


LETTERING 

A, first acrosome. A 2 second acrosome. G, centriole. GA, centriole adjunct plus 
centriole. F, flagellum. G, Golgi body (dictyosome, in places acroblast). GA, Golgi body 
and acrosome. GR, spent dictyosome or Golgi remnant. M, mitochondria and mitochondrial 
nebenkern. NU, inner chromophile part of the nebenkern. X, enigmatic body. 

DESCRIPTION OF PLATES 1 AND 2 

These cells have been drawn free hand and the sizes of the stages are only approximate. 
A scale of the size of the spermatid is given in Text-fig. 15. 

Plate 1 

Figs. 1 and 2.—Young and older primary spermatocytes. There is considerable multiplication 
of mitochondria during growth stages, and the original Golgi body divides to produce several 
parts (G). There is usually a deeply stained body (X) of unknown nature. 

Fig. 3.—The spermatid shortly after telophase. The mitochondria have congregated and 
the flagellum has grown out. A precocious first acrosome has appeared, and other parts 
of the Golgi apparatus not partaking in this process are at (G). 

Figs. 4-6.—Spermatids at nebenkern stage. The second acrosome has appeared at A 2 in 
Fig. 6, and in all cases the free dictyosomes have drifted down between nucleus and 

nebenkern. 
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Plate 2 

Figs. 7 and 8.—See above for Figs. 4-6. 

Figs. 9-13. —Later stages in spermiogenesis in the following order. Figs. 10, 9, 13, 12 and 
11. After the formation of the second acrosome (A 2 ) the acroblast pass down as rejects (GR). 
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